High-frequency/high-field electron paramagnetic resonance studies on two homonuclear 12-MC-4 metallacrown complexes Cu 4 Cu and Co 4 Co are presented. For Cu 4 Cu, our data imply axial-type g-anisotropy with g x = 2.03 ± 0.01, g y = 2.04 ± 0.01, and g z = 2.23 ± 0.01, yielding g = 2.10 ± 0.02. No significant zero field splitting (ZFS) of the ground state mode is observed. In Co 4 Co, we find a m S = ±3/2 ground state with g = 2.66. The data suggest large anisotropy D of negative sign.
Introduction and Experiment
Metallacrowns are coordination compounds including metal ions where a HF-EPR measurements were carried out using a phase-sensitive millimeterwave vector network analyzer (MVNA) from AB Millimètre covering the frequency range from 30 to 1000 GHz [3] . We observe one broad resonance feature which implies the presence of a S = 1/2 ground state doublet in agreement of the susceptibility data analysis [2] .
The resonances resemble typical powder spectra [5] . At T = 2 K, a sharp peak appears in the high-field region of the resonance accompanied by a broad shoulder at lower field. This shape of the resonance clearly indicates an easy axis-type of g-anisotropy in the complex. The temperature dependence of the spectra at f = 250.9 GHz shows a Curie-like decrease upon heating. Simulation of the resonances in terms of a uniaxial magnetic system with two magnetic principal axes corresponding to three components of the g-tensor yields a good description of the data as displayed by the experimental (a) and simulated (b) data in Fig. 1 . Note, however, that the data exhibit a broad double feature Quantitatively, the simulation yields g x = 2.03 ± 0.01, g y = 2.04 ± 0.01, and g z = 2.23 ± 0.01. As the sharp feature in the spectra corresponds to g z , it can be determed from the spectra at various frequencies and at T = 4 K presented in Fig. 2a . Again, all spectra are well simulated with the identical powder spectra simulation parameters. The resonance fields at the minima of the sharp resonance features linearly depend on the microwave frequency (see Fig. 2b ). While the associated slope confirms the value of g z , it also shows that the zero-field splitting associated with the resonance is negligible.
Results on Co 4 Co
The HF-EPR spectra, at T = 2 K, on Co 4 Co display a single peak feature (Fig. 3a) . The frequency dependence of the resonance fields in Fig. 3b shows linear behaviour. The slope of the resonance branch corresponds to a g-factor of g fit = g · ∆m S = 8.03(7) implying a forbidden resonance, ∆m S = ±1 with g = 2.00. Considering the metallacrown arrangement of the Co(II) ion hosted in a strongly distorted octahedron in the center of four diamagnetic Co(III)-ions suggests to attribute the resonance to the paramagnetic center ion. [1] From the observed slope of the resonance branch, we conclude that we observe a transition from the m S = -3/2 to the m S = 3/2 spin state which is allowed with the spin state mixing due to the off-axial anisotropy. Under this assumption, the effective g-factor amounts to g = 2.66(2). This is in good accordance to reported Co(II)-ions in distorted octahedral environment. [10, 11, 12] It also agrees to the χT -curve that obeys the characteristic behavior of an isolated six-coordinate Co(II) ion. From the high-temperature value of χT the effective g-factor of 2.60 had been concluded previously [1] which reasonably matches to the more precise g-value derived from the EPR study at hand. As expected for the ∆m S = 3 transition in the m S = ± 3/2 Kramer's doublet spin state, negligible zero-field splitting is observed in the experimental data.
The temperature dependence of the HF-EPR spectra at 163.9 GHz presented in Fig. 4 where, e.g., g = 2.580, |D| = 87.9 cm −1 [10] , |D| = 60(3) cm −1 , g z = 2.77(5), g xy = 3.04(5) [11] , and
.56(1) [12] . In order to assess the energy level diagram we used a phenomomenological Hamiltonian consisting of a Zeeman and a zero field splitting term, which is given bŷ 
